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. $a$ , $y=\eta(x, t)$ ,
$y=\eta\pm a=h\pm$ $(x, t)$ . ,
$x,y$ $u,\cdot v$ .
$x$ , $y$
$\ovalbox{\tt\small REJECT}_{\Psi \mathrm{f}\mathrm{f}\mathrm{i}\mathfrak{W}\#}^{\sim}\nearrow \text{ }$
, $A_{0}$ , $U0$




$\frac{\partial u}{\partial x}+\frac{\partial v}{\partial y}=0$, (2.1)
N-S $x,y$
$\rho(\frac{\partial\cdot\iota\iota}{\dot{(}?t}+u.\frac{\partial u}{\partial x}.+v.\frac{\dot{d}u}{\partial y}$. $)=-. \cdot\frac{\partial p}{\partial x}$. $+ \mu(\frac{\partial^{\underline{\mathrm{o}}}u}{\partial x^{\sim}}.’+\cdot\frac{\partial^{2}u}{\partial y^{2}}$ ) (2.2)
$\rho$ ( $\frac{\partial\cdot v}{\partial t}+u\frac{\partial v}{\partial x}+v.\frac{\partial v}{\partial y})=-\frac{\partial p}{\partial y}+\mu(\frac{\partial^{\underline{7}}v}{\partial x^{2}}+\frac{\partial v}{\partial\tau J}\underline’.’)$ , (2.3)
(2.5)
. <. , $y=h\pm$
$v= \frac{\partial h\pm}{\partial t}+u\frac{\partial h\pm}{\partial x}$ , (2.4)
. ,
$p \pm=\mp\sigma\frac{\partial^{2}h\pm}{\partial x^{2}}[1+(\frac{\partial h\pm}{\partial x})\underline’]-\frac{\mathrm{a}}{\mathrm{Q},\sim}$
$+ \frac{2\mu}{1+(^{h}\frac{\partial}{\partial}\bigwedge_{x})^{2}}\{[1-(\frac{\partial h\pm}{\partial x})^{2}]\frac{\partial v}{\partial y}-\frac{\partial l_{l\pm}}{\partial x}(\frac{\partial v}{\partial x}+\frac{\partial u}{\partial y})\}$ ,
$2 \frac{\partial h_{\pm}}{\partial x}(\frac{\partial v}{\partial y}-\frac{\partial u}{\partial x})+[1-(\frac{\partial h\pm}{\partial x})^{?}\sim](\frac{\partial v}{\partial x}+\frac{\partial u}{\partial y})=0$ , (2.6)




$u$ $=$ $u_{0}+u_{1}(y-\eta)+u_{2}(y-\eta)^{2}+\cdots$ , (2.7)
$v$ $=$ $v0+v1(y-\eta)+v_{-}’(y-\eta)\underline’+\cdots$ , (2.8)
$p$ $=$ $p_{0}+p_{1}(y-\eta)+p_{2}(y-l|)^{2}+\cdots$ , (2.9)
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. , $o(\partial a/^{t}\partial x)\simeq O$ (a) 2 $O(a^{2})$
, $a,t7,u0,v$ o ( ) .
$A_{0}$ , $cr_{0}$ :
$\frac{\partial a}{\mathrm{d}t}\Gamma$ $=$
$- \cdot.\frac{\overline{\mathrm{d}}(a\iota\iota_{0})}{\partial x}$ , (2.10)
$‘. \frac{\partial_{l1}}{\partial t_{J}}$
$=$ $v$U
$-v_{0}. \cdot\frac{\partial/_{t}}{\partial x}..$. ’ (.2.11)
$\frac{\partial u_{0}}{\partial t}$ $=$ $-u_{0} \frac{\partial u_{0}}{\partial x}.-\frac{1}{\mathrm{I}’\mathrm{T}^{\gamma}e}(\frac{\partial P_{s}}{\partial x^{1}}-.\frac{\Delta P_{\backslash }}{2a}..\cdot\frac{\partial\eta}{\overline{\partial}x}..)$
$+ \frac{1}{Re}[\frac{\partial^{\underline{r,}}\iota\iota_{0}}{\partial_{X^{arrow}}^{\tau_{\mathrm{J}}}}-1l$ 1
$\frac{\partial^{\mathrm{Q}}\eta}{\partial_{i\mathrm{t}^{\mathrm{z}A}}’}.-2\overline{.}\frac{\partial u_{1}}{\mathrm{d}x}.\frac{\partial\eta}{\partial x}+2u_{2}(..\frac{\overline{d}\uparrow 7}{\partial x}.)^{2}+$ 2,tt $2- \frac{\partial P_{v}}{\partial x}+\frac{\Delta P_{v}}{2a}.\cdot\frac{\overline{\mathrm{d}}\eta}{\overline{\mathrm{d}}x}..]$ (2.12)
$\frac{\partial v_{0}}{\partial t}$ $=$ $- \cdot u_{0}\frac{\partial\iota\prime_{0}}{\partial x}-\frac{1}{\mathrm{t}Ve}\frac{\Delta P_{s}}{2a}$
$+ \frac{1}{Re}[\frac{\partial\lrcorner v_{0}}{\partial_{X^{\wedge}}^{\mathrm{o}}},-v_{1}\frac{\partial^{\vee}r_{1}}{\partial x},.\underline,-2\frac{\partial v_{1}}{\partial^{l}x}.\cdot\frac{\partial_{7|}}{\partial x}12v_{2}(.\cdot\frac{\partial\eta}{\partial x})^{\underline{9}}+2,v\underline{\mathrm{o}}-\frac{\Delta P_{v}}{2a}]$ (2.13)
, $u_{1}$ , $u_{2},\cdot v_{1},v\circ$. $\uparrow\uparrow$ , $a,$ $\cdot u_{0},$ $v_{0}$ \Re ,
$u_{1}=[1+( \frac{\partial\eta}{\partial x}.)^{2}]-2\{-[1-(\frac{\partial\eta}{\partial x})^{2}]\frac{\partial v_{0}}{\partial x}.+[3+(\frac{\partial\eta}{\partial x})\underline’]\frac{\partial u_{0}}{\partial x}\frac{\partial\eta}{\partial x}.\}$, (2.14)
$v_{1}=-[1+ \mathrm{r}_{\backslash }\frac{\partial\eta}{\partial x})^{2}]-.’[1-(\frac{\partial\eta}{\partial x})^{2}](\frac{\partial v_{0}}{\partial x}\frac{\partial\eta}{\partial x}..+\frac{\partial u_{0}}{\partial x})$ , (2.15)
$u_{2}=[1+( \frac{\partial\eta}{\partial x})^{2}]-\sim?\{\frac{1}{2}[3$ \dagger $(. \cdot\frac{\partial\eta}{\partial x}..)^{2}]\frac{\partial u_{1}}{\partial x}\frac{\partial\uparrow]}{\partial_{i\mathrm{L}}}$. $- \frac{1}{2}[1-(\frac{\partial\eta}{\partial x})^{2}]\frac{\partial v_{1}}{\partial x}$
(2.16)$- \frac{\partial(\ln a)}{\partial x}[(1+(.\frac{\partial_{l7}}{\partial x})^{\mathrm{o}}\wedge)v_{1}-\frac{\partial v_{0}}{\overline{\partial}x}\frac{\partial\eta}{\partial x}-\frac{\partial u_{0}}{\partial x}.]\}$ ,
$v \underline’=[1+(\frac{\partial\eta}{\partial x}.)..])-\underline{?}\{-\frac{1}{2}[1-(\frac{\partial\eta}{\partial x}.).’]\frac{\partial u_{1}}{\partial x}-\frac{1}{2}$[1–( ] $\frac{\partial v_{1}}{\partial x}\frac{\partial\eta}{\partial x}$.
(2.17)$-. \frac{\partial\eta}{\partial x}\frac{\partial(\ln a)}{\partial\iota}..[(1+(\frac{\partial\eta}{\partial x})^{-}’)v_{1}-\frac{\partial v_{0}}{\partial x}\frac{\partial\eta}{\partial x}-\frac{\partial u_{0}}{\partial x}.]\}$
$\mathrm{t},\Delta \mathrm{t},P_{v},\Delta P_{v}$





$p_{s} \pm=\mp(\frac{\partial^{\underline{?}}\gamma_{1}}{\partial x^{2}}\pm\frac{\partial a}{\partial x^{2}},.)[1+(\frac{\partial\eta}{\partial x}\pm\frac{\partial a}{\partial x})^{2}]-.\frac{3}{3}$
: (2.20)
$p_{v} \pm=2[1+(\frac{\partial\eta}{\partial x}$. $\pm\frac{\partial a}{\partial x}..)^{2}]-1\{[1-(\frac{\partial\eta}{\partial x}\pm\frac{\partial a}{\partial x})^{2}](v_{1}\pm 2av_{\underline{\mathrm{o}}})$
$-( \frac{\partial?l}{\partial x}$. $\pm\frac{\partial a}{\partial x})[u_{1}+\frac{\partial v_{0}}{\partial x}-v_{1}\frac{\partial\eta}{\partial x}$. $\pm a(2u_{2}+\frac{\partial v_{1}}{\partial x}-2v_{2}\frac{\partial\eta}{\partial x})]\}$ , (2.21)
. , We , $Re$ ,
$\mathrm{A}\mathrm{a}$ :
$\ddagger\hslash^{\gamma}e=\frac{U_{0}}{\sigma/(\rho A_{0})}\underline’$ , $Re= \frac{\rho A_{0}U_{0}}{\mu}$ . (2.22)
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3
. $A_{0}$ [$r_{0}$ $\overline{a}=$
$.\overline{\iota\iota}_{0}=1,r\overline{7}=\overline{v}_{0}=0$ . $k$ $\omega^{\mathrm{t}}$ :
$a=\overline{a}$ $\exp\{i$ (k $\mathrm{J}^{\cdot}-\omega t$ ) $\}$ , (3. 1)
$?|=\overline{\eta}+\hat{l|}\exp\{l.$. $(kx- \omega t)\}$ , (3.2)
$u0=$ .$\overline{u}0+\cdot\grave{u}_{0}\exp\{i(kx-\omega t)\}$ , (3. $\cdot$3)
$v0=.\overline{1’}0+\cdot\ddot{v}_{0}\mathrm{e}$xp{i$(kx-\omega t)$ }. (3.4)
(2. 10)\sim (2.13.) , $(a=\acute{\dot{\eta}}=\hat{u}_{0}\wedge=\hat{v}_{0}=0)$
$\acute{\eta}=\hat{v}0=0_{1}$ $\omega\pm=k-\cdot\frac{2i}{Re}k^{-}?\pm k^{2}\sqrt{\frac{1}{We}-\frac{4}{Re^{\underline{\gamma}}}}$, (3.5)
$\text{\’{a}}$. $=\cdot\hat{u}_{0}=0$ , $\omega\pm=k\pm k\sqrt{\frac{1}{We}}$, (3.6)
. (3.5) $\ddot{\eta}=\hat{v}0=0$ , (3.6) $\text{\^{a}}$ =\^u$0=0$ ,
$\omega$
$\omega\pm$ .
$k$ , $\omega$ $\omega_{R}+i\omega_{I}$ . ,
$\exp\{\omega_{I}t\}$ ex.p $\{i.(kx-\omega_{R}t)\}$ , $\omega_{I}$ ,\mbox{\boldmath $\omega$}’>0 .
3.1
3.1(a)(b) $\omega\pm$ $\mathcal{W}^{f}e=1$ $k$ $\omega_{I}$ .
$(Re=\infty)$ $\omega_{I}=0$ , $\omega_{I}<0$ , $k$ $|\omega_{I}|$ .
, , ,
. $\omega=\omega+$ $Re=2\sqrt{l\mathrm{T}^{\gamma}e}$ ,





$- 62\ovalbox{\tt\small REJECT}_{11^{\mathrm{Y}}\mathrm{L}_{-_{2}1}^{\neq}}^{\mathrm{a}\infty}2S\mathrm{e}\cdot 3\mathrm{e}=2$
$\mathrm{k}$
$\omega$
3.1: $k$ $\omega_{I}$ ($We=1$ )
3.2




$t=0$ $\Re \mathrm{E}$ , \lambda ’f\pi ‘ $c\iota=1+a’\mathrm{c}$os(kx), $?7=0,$ $v0=0$ , $\#\backslash \mathrm{f}\mathrm{f}\mathrm{f}\mathrm{l}$ $\text{ }\backslash$
$l7=c\downarrow’\cos(k.x),$ $a$ =1, $u_{\mathrm{I}\dot{\mathrm{J}}}=1$ (2.10)\sim (2.13.)
. $.u_{0}$ $.\iota_{0}$’ . $\mathrm{T}’\nu^{r}e=1$
, $k$ 50 $k\simeq 0.1257$ . ,
, .
4.1
4.1 $\alpha=0.65$ $(Re=\infty.)$ $t=0,5$0,94
. , . ,
, ( 4.1(c)).
$\alpha$ \mbox{\boldmath $\alpha$} , $\alpha_{c}\simeq 0.62$ . 4.2 $Re=.2,\alpha=0.9$
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4.1: $\mathrm{E}*\mathrm{B}$ $(Re=\infty,\alpha=0.65)$ 4.2: $(Re=2,\alpha=0.9)$


























. 4.5 4.4 $u0$ $\overline{u}_{0}$ B| $\tilde{v}.\mathrm{o}(=.u0-\overline{u}_{0})$
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4.4: 4.5: $\mathrm{x}$
4.6 $\mathrm{F}$ $Re$ $\alpha$
$\mathrm{a}$ . $Re$ $\sim+$ $\mathrm{a}$ , $\alpha$ $\simeq 0.62$ $|,$ $Re=$ 0.9
1000 $\backslash \backslash$ $\mathrm{a}\backslash$ \mbox{\boldmath $\alpha$} $\iota$ }-, $Re=200$ $|$ 0.8
$\alpha_{c}=1$ $f$ $\text{ }$ $\mathrm{a}$ . $\backslash$ } , $\alpha<1$ , 0.7
$Re\geq 200$ 1 $\backslash ^{\backslash }-$ $|$ $\backslash f$ 0.
1 1 1 $10$ 1
$f$ $\mathrm{a}$ $\backslash$
${\rm Re}$
4.6: $Re$ $rRR$ \mbox{\boldmath $\alpha$}
4.2
4.7 4.8 $\alpha=3$ $(Re=\infty)$ $(Re=1)$
. . ,
$Re=\infty$ ( ) ,
( ) . , ( 4.7(c)),
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4.7: $(Re=\infty,\alpha=.3)$ 4.8: $(R\mathrm{e}=1,\alpha=3^{\cdot})$
4.9 $\alpha=2.75$ $\alpha=3$ $a_{fnip}$, . ,
, ( 4.9(a)). $\alpha=3$ $(Re=\infty)$
$\alpha=3$ $t\simeq 170$ 0 ,



















4.9: $\mathrm{a}$ amin $\mathrm{f}$
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$\alpha=3$ $\cross\underline{(t=169.}8)$ $\mathrm{O}$ $\mathrm{O}$
$\alpha\overline{=5}$ $\cross(t=54.3)$ $\underline{\mathrm{X}(}t=\overline{86^{\cdot}.\underline{9}})$ $\mathrm{O}$
$\alpha=10$ $\mathrm{x}(t=33.2)$ $\mathrm{X}\underline{(}t=45.0)--$ $\cross(t=151.9)-$





4.10 $\alpha=3$ $t=160$ . 4.11
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